Studies have established that grown children's problems affect parental well-being, but a dearth of research has addressed daily interactions and biological systems that may underlie these associations. This study examined whether parents have different types of daily interactions with adult children who have problems and whether those interactions are associated with variations in parents' diurnal cortisol rhythms. Middle-aged parents (n = 197) reported their interactions with adult children for seven consecutive days and provided saliva, analyzed for cortisol, three times a day (wake, 30 min after wake, bedtime) for four of those days. Parents were more likely to report negative encounters but not less likely to report positive interactions or contact with adult children who suffered from problems. Interactions with adult children who had physical-emotional problems had more immediate same day associations with cortisol whereas interactions with adult children who had lifestyle-behavioral problems had more delayed, or next day associations with cortisol. Daily interactions and their associations with the hypothalamic-pituitary-adrenal-axis may be important mechanisms by which adult children with problems negatively affect parental well-being.
Introduction
The parent-child tie represents one of the longest-lasting and most emotionally intense social relationships (Hagestad and Uhlenberg, 2007) . Across the lifespan, the parent-child relationship involves frequent contact, support exchanges, and both positive and negative emotions (Fingerman et al., 2015b) . Because this tie is often intimate and involves a great deal of contact, parents are especially distraught when their adult children suffer problems such as disabilities, health problems, and trouble with the law (Birditt et al., 2010) . Parents with adult children who have problems report more depressive symptoms, greater negative affect, and poorer parent-child relationship quality Greenfield and Marks, 2006; Pillemer and Suitor, 1991) . Indeed, adult children with problems can have long-lasting detrimental effects on parents' health and well-being (Seltzer et al., 2011) ; however, the mechanisms by which adult children suffering problems influence parents' overall health and well-being are unknown. For E-mail address: kirasb@umich.edu (K.S. Birditt).
example, it is unclear whether parents experience different types of daily interactions with their adult children who suffer problems and whether parents consider all of their interactions (positive and negative) with these children to be more distressing.
The research to date has found that having adult children with chronic mental and physical health problems is associated with parents' cortisol (Bella et al., 2011; Seltzer et al., 2009 Seltzer et al., , 2010 . There is less work on adult children's problems more generally (e.g., financial trouble) and whether interacting with adult children who have physical-emotional problems may be more or less distressing than interacting with adult children who have lifestyle-behavioral problems.
The present study examines daily interactions between parents and their adult children to assess whether the emotional qualities of daily interactions and parents' biological stress responses provide potential clues regarding how adult children's problems affect parental well-being. Specifically, we addressed two questions: (a) Do parents have different types of daily encounters (e.g., positive, negative) with adult children who have problems than adult children without problems ? and, (b) adult children who have problems associated with parents' daily cortisol patterns?
Adult child problems defined
Adult children may suffer problems across several life domains. Parents tend to report greater negative relationship quality with adult children who have lifestyle-behavioral problems (e.g., trouble with the law, drug addiction) and greater closeness with adult children who have physical or emotional problems (e.g., cancer, anxiety disorder) (Pillemer and Suitor, 2002; Suitor and Pillemer, 2000; Suitor et al., 2006) . Theorists have suggested that parents may blame their adult children for having lifestyle-behavioral problems whereas physical-emotional problems are perceived as less controllable (Suitor et al., 2006) . In the present study we distinguish between these types of problems. Physical-emotional problems include physical and mental health problems as well as developmental disabilities; lifestyle-behavioral problems include financial trouble, drug and alcohol abuse, trouble with the law, and serious relationship trouble (e.g., divorce).
Theoretical model
This study used the exposure-reactivity model, which suggests that health varies as a function of both exposure and reactivity to stressors, as a framework for understanding daily interactions with adult children and their implications for cortisol (Almeida, 2005) . Parents with adult children who have problems may be exposed to different types of experiences and interactions with these children. Specifically, parents may experience more negative and fewer positive daily interactions with their adult children with problems. Thus, we first considered whether parents had any contact with an adult child suffering problems that day. We also specifically examined: (a) positive interactions and (b) negative interactions with adult children in order to understand whether parents interact differently with adult children who suffer with problems than with adult children who do not suffer from problems. Examining daily interactions may provide accounts of relationship quality that are less biased by retrospective recall problems and other cognitive biases (e.g., tendency to remember more positive than negative information with age (Reis, 2012; Thomas and Diener, 1990) ). Thus, we assessed parents' interactions with adult children close to the time the events occurred to capture negative as well as positive events.
Parents may also react differently to interactions with adult children who suffer problems compared to adult children who do not suffer problems. Although stress reactivity often refers to the measurement of acute cortisol responses in a more controlled laboratory setting, the present study defines reactivity in terms of links between daily social interactions and diurnal cortisol production, a primary indicator of the function of the hypothalamic-pituitary-adrenal axis (HPA axis; Friedman et al., 2012; Sapolsky et al., 2000; Selye, 1979) . Cortisol has a normal diurnal rhythm which begins to increase before waking, reaches a peak level at about 30 min after waking (cortisol awakening response [CAR] ) and steadily declines thereafter until bedtime (daily decline [DEC]) (Fries et al., 2009 ). Higher cortisol levels over the course of the day are associated with greater negative emotion (e.g., anger, stress, anxiety) and poorer well-being (Adam et al., 2006; Marin et al., 2007) . After repeated or chronic stress, individuals show flatter CAR and DEC . Thus, both hypo and hyper cortisol responses are indicative of poor health. The CAR is often not correlated with daytime cortisol activity (Edwards et al., 2001; Schmidt-Reinwald et al., 1999) , indicating that the CAR and daytime cortisol secretion might be influenced by different factors (Clow et al., 2004) . In addition, diurnal cortisol rhythms are associated with later negative physical and mental health outcomes (Adam et al., 2010) . We therefore consider overall cortisol level, CAR, and DEC.
Daily interactions with adult children who have problems
Adult children's problems have been linked to relationship qualities with parents. For example, mothers reported greater ambivalence (both positive and negative sentiments) regarding adult children with more problems (Pillemer et al., 2007) . Birditt et al. (2010) found that parents reported more negative relationships with adult children who suffered problems but reported no less positive quality ties with those offspring. Other studies suggest that parents differentiate between types of problems. For example, Suitor and Pillemer (2000) found that mothers reported greater closeness with adult children who suffered from health problems and less closeness and more conflictual ties with adult children who suffered from lifestyle-behavioral problems (e.g., substance abuse, trouble with the law). We examined whether parents report different types of daily interactions with adult children who suffer from problems (e.g., physical-emotional, lifestyle-behavioral problems) compared to adult children who did not suffer from problems.
Daily interactions with adult children with problems and cortisol
Studies have linked parental well-being to adult children's problems Umberson et al., 2010) . Parents may be sensitive to their adult children's problems due to their investment in raising them, their empathy with their child's distress, or due to conflict and tensions in their relationship associated with those problems. Moreover, parents typically have frequent contact with their adult children, daily or several times a week Fingerman et al., 2015a) . It is likely that daily encounters with adult children who suffer problems may be a source of stress, and in turn, these encounters may have ramifications for parents' cortisol.
Research that has considered associations between adult children's problems and parental cortisol has focused on adult child mental and physical health problems. Parents with adult children who suffered severe mental health problems (e.g., bipolar, major depression, schizophrenia) showed a hypoactive cortisol response to daily stress (Barker et al., 2012) ; more stressful days were associated with a flatter awakening response and a flatter decline on the next day. Similar findings were reported among parents of adult children with cerebral palsy, disabilities, and autism (Bella et al., 2011; Seltzer et al., 2009 Seltzer et al., , 2010 . We know little, however, about whether daily interactions with adult children who suffer from a wider range of physical-emotional and/or lifestyle-behavioral problems are associated with parents' cortisol.
Other factors associated with cortisol
We considered several additional factors that may influence interpersonal interactions and cortisol including gender, years of education, race, neuroticism, anxiety, depressive symptoms, and number of living children (Almeida, 2005; Birditt et al., 2011; Steptoe et al., 2003) . We also controlled for several factors that may influence cortisol levels including medications (e.g., steroids, birth control), smoking, whether the data were collected on a weekend, and sleep quality (Hansen et al., 2012; Stawski et al., 2013 ).
Present study
Examining parents' daily interactions and biological stress responses provides an important first step for understanding the link between adult children with a range of problems and parental well-being. We addressed the following research questions: a) Do parents have different types of daily interactions with adult children who have health and lifestyle-behavioral problems compared to adult children who do not have problems? We predicted that parents would report more negative interactions and fewer positive interactions with adult children who had problems compared to adult children who did not have problems. b) Are daily interactions with adult children who have health or lifestyle-behavioral problems associated with variations in cortisol? We predicted that parents would have higher cortisol and flatter diurnal cortisol rhythms (CAR, DEC) on days in which they had interactions with adult children who had health or lifestyle-behavioral problems compared to days they did not have interactions with adult children who had these problems.
Method

Sample
Participants were middle-aged adults from the Family Exchanges Study Wave 2 conducted in 2013. The sample was recruited from the Philadelphia Metropolitan Statistical Area (PMSA) and participated in Wave 1 in 2008. Initial criteria required middle-aged adults to have at least one living parent and one child over age 18. In Wave 2, following completion of a one-hour main survey, a random selection of participants was invited to complete a diary study consisting of brief telephone interviews for 7 evenings. Of those invited, 87% (n = 270) accepted the invitation and 248 participants completed daily interviews before the study was closed. During the diary calls, participants were also invited to participate in saliva collection. The study received approval from the institutional review boards of the universities involved in the project and all procedures were carried out with the adequate understanding and verbal consent of the subjects in accordance with the Declaration of Helsinki.
Collection kits with salivettes to collect saliva were mailed to respondents after they completed a main interview and scheduled their first diary call. Interviewers prompted respondents to collect the saliva on days 2-5 of the diary calls, though allowances were made for deviations from this schedule. Participants were instructed to provide samples when they woke and before they got out of bed, 30 min after waking, and before bed and not to eat or drink anything other than water 30 min before collecting their samples and particularly to avoid caffeinated products (e.g., coffee, tea, soda). Participants were also instructed not to brush their teeth before providing the 30 min sample. Participants recorded the time of collection on the tubes and on a daily log. In addition, during the diary call on saliva collection days, respondents were asked to report their collection times and if they had any problems. In the event there were inconsistencies, we used all three data collection time reports (tube, log, interview) to discern the most likely time the saliva was collected. Participants were reminded to store samples in the refrigerator and given instructions and a prepaid express envelope for returning the samples at the end of collection. Participants received $50 for completing the surveys and $50 for providing saliva samples.
A total of 203 participants provided saliva samples. We excluded six participants from the analysis (night shift workers n = 2; participants who did not have any valid saliva samples n = 3; a participant who did not have any living offspring n = 1); therefore, 197 participants (55% women) were analyzed. Table 1 includes participant demographics. Participants had an average of 14.50 years of education (SD = 2.04) and were aged 56.31 (SD = 4.78) on average with an age range from 45 to 65. Participants had an average of 2.6 children aged 18 or older (SD = 1.40; range 1-11), and 40% of the participants had at least one adult child living with them. Adult children were on average age 28.56 (SD = 6.73; range 18-50) and were 51% female. Participants completed 5-7 daily diary interviews with a mean of 6.83 interviews (SD = 0.45); 86% of participants completed all seven days of diaries. Participants provided saliva on average 3.96 (SD = 0.26) of the diary days. A total of 192 participants (97.5%) provided saliva on all four days.
Cortisol
Saliva samples were frozen and stored at −80 • C until analysis. After thawing, salivettes were centrifuged at 3000 rpm for 5 min, which resulted in a clear supernatant of low viscosity. Salivary concentrations, reported in nmol/l, were measured using commercially available chemiluminescence immunoassay with high sensitivity (IBL International, Hamburg, Germany). The intra and interassay coefficients for cortisol were below 8%.
Duplicate assays were conducted with 25% of the samples (n = 194 wake samples, n = 195 30 min samples, n = 190 bedtime samples) to establish reliability. Intraassay coefficients of variation were calculated (i.e., SD of the two samples divided by the mean of the samples) for each occasion (wake, 30 min after wake, bed). The range for the wake and 30 min intraassay coefficient of variation was 0.00-0.16 (M = 0.04, SE = 0.03) and the range for the bedtime sample was 0.00-0.24 (M = 0.07, SE = 0.04), indicating excellent reliability.
Cortisol values were removed on a daily basis from the analysis for the following reasons (Table 2) : participants did not complete a daily interview, participants did not indicate time of sample collection, at least one cortisol value was over 60, respondents were awake fewer than 12 h or more than 20, and there was less than 15 or more than 60 min between the waking cortisol and the 30 min cortisol. Of the total 759 days with useable saliva data, 97 were removed from the analysis (12.8% of the total days). We assessed both the skew and kurtosis of each cortisol value; the natural log was calculated for all cortisol scores due to non-normal distributions in the bedtime cortisol. Distributions of cortisol were checked after the natural log transformation and the skew and kurtosis values were in the acceptable range (less than 3 for skew and less than 9 for kurtosis).
We compared diary participants who provided useable saliva data (n = 197) with those who did not provide useable saliva data (n = 51). A series of t-tests (for continuous variables) and 2 tests (for categorical variables) revealed no significant differences in participant characteristics (i.e., race, gender, education, neuroticism, depressive symptoms, anxiety) or in the number of adult child problems between individuals who provided useable saliva and individuals who did not provide useable saliva.
Adult child problems
Consistent with past work (Birditt et al., 2010; Greenfield and Marks, 2006) , participants answered a series of yes/no questions regarding personal problems for each of their offspring aged 18 and older. We coded problems into two categories. Physical-emotional problems included: an ongoing developmental delay or disability, an ongoing physical disability, a serious health problem, and a serious emotional or psychological problem in the past two years. Lifestyle-behavioral problems included: a drinking or drug problem, financial problems, trouble with the law or police, and divorce or other serious relationship problems in the past two years (Birditt et al., 2010) . We dichotomized the scores so that offspring received a 0 if they had no problems and a 1 if they had one or more problems. Thus, each child had two dichotomous scores: lifestyle-behavioral problem and physical-emotional problem. We conducted sensitiv- ity analyses to assess whether adult children with two or more problems were associated with different results and the results were consistent.
Daily interactions
Participants answered a series of questions about their interactions with each of their adult children on each day on the following dimensions.
Contact
First, participants indicated whether they had any contact with each of their adult children that day (by phone, email, in person). Each adult child received a 0 (did not have contact) or 1 (had contact) for each day.
Positive interactions
For each adult child participants were asked: "Did you have any positive interactions since (this time/we spoke) yesterday-that is interactions that brought you pleasure or enjoyment or made you feel good?" and "Since (this time/we spoke) yesterday did you share a good laugh?" Each adult child received a 0 (did not have a positive interaction) or 1 (had a positive interaction) for each day.
Negative interactions
Participants were asked two items regarding negative interactions with each adult child: "Did you have any interactions that made you feel irritated, hurt or annoyed?" And "Did you have any interactions in which you could have felt irritated, hurt or annoyed but decided not to be?" Each adult child received a 0 (did not have a negative interaction) or 1 (had a negative interaction) for each day.
Covariates
We controlled for several parent characteristics including gender (0 = mother, 1 = father), years of education, race (0 = white, 1 = non white), neuroticism, anxiety, depressive symptoms, and number of living children. To assess neuroticism, participants rated the extent to which four characteristics described them (i.e., moody, worrying, nervous, calm (reverse coded)) from 1 (not at all) to 5 (a great deal) (Lachman and Weaver, 1997 ). An average was created of the four items (˛ = .67). Participants reported their depressive symptoms with five items from the Brief Symptom Inventory (BSI; Derogatis and Melisaratos, 1983) . Participants were asked to report the extent to which they experienced the following symptoms during the last 7 days from 1 (not at all) to 5 (extremely): feeling lonely, blue, no interest in things, hopeless about the future, and feelings of worthlessness. Items were averaged to create a depressive symptoms score (˛ = .82). Participants reported their anxiety with five items from the patient health questionnaire (Spitzer et al., 1994) . Participants were asked whether they experienced an anxiety attack within the past 4 weeks. If so, they were asked four follow-up questions regarding their anxiety. An individual is considered to have an anxiety disorder if he/she answers "yes" to one of the follow-up questions such as "Did this attack bother you a lot or are you worried about having another attack?"
We also controlled for factors that are known to influence cortisol patterns. Each day participants indicated yes (1) or no (0) to whether they were taking the following medications: over Notes. Participant N = 197; day N = 662. Participants provided a total of 759 days of useable cortisol data. We removed a total of 97 days of data due to the following: days without a completed daily interview (n = 1), days with values over 60 nmol/l (n = 50), days with missing time (n = 16), days in which participant was awake less than 12 h or more than 20 h (n = 16), and days in which the 30 min cortisol sample was taken less than 15 min after wake or more than 60 min after wake (n = 18). the counter/prescription allergy medication, steroid inhaler, other steroid medication, medications/creams containing cortisone, birth control pills, other hormonal medications, or anti-depressants or anti-anxiety medication. We summed the number of these medications. We also controlled for smoking on the particular day (0 = did not smoke, 1 = yes, smoked cigarettes) and whether the data were collected on a weekend day (0 = weekday, 1 = weekend day). Finally, participants rated the quality of their sleep on the night before from 1 (poor) to 5 (excellent).
Analysis strategy
Because the data included multiple observations for each respondent (e.g., multiple children, multiple days, multiple withinday cortisol assessments), we used multilevel models to analyze the data. Multilevel models are ideal when data are nested and unbalanced (e.g., unequal numbers of observations per respondent).
Three-level models were estimated to examine whether parents reported different types of daily encounters with adult children who had physical-emotional problems and lifestyle-behavioral problems. We estimated models using the SAS GLIMMIX macro with binomial outcomes. Because participants could report on multiple adult children for each day they participated in the diary study, models included days nested in offspring nested in participants. The models included two random effects for the intercepts. We examined physical-emotional and lifestyle-behavioral problems as predictors in three separate models predicting any contact, positive interactions, and negative interactions. Models controlled for gender, education, depressive symptoms, anxiety, neuroticism, and family size. All upper level continuous variables were grand mean centered and lower level continuous variables were group mean centered. Thus, each model assessed whether participants were more likely to have each type of daily interaction with adult children who had a lifestyle-behavioral problem or a physical-emotional problem.
Next, we considered whether daily encounters with adult children were associated with cortisol. We examined social encounters with two types of adult children: (a) adult children who had physical-emotional problems and (b) adult children who had lifestyle-behavioral problems. We estimated three-level piecewise multilevel models to assess whether cortisol rhythms varied by daily encounters (SAS PROC MIXED). The lowest level referred to the cortisol measurement within day, the second level referred to the day, and the upper level referred to the participant. For these models we collapsed across all adult children and used scores that reflected whether the respondent interacted with an adult child with a physical-emotional problem, and or an adult child with a lifestyle-behavioral problem on the particular day. We estimated models separately for each type of interaction (contact, positive interaction, negative interaction) and each type of problem (physical-emotional, lifestyle-behavioral; total of six models). Piecewise models capture the within-day patterns of cortisol with two predictors (i.e., pieces) that represented the CAR (time difference between waking and 30 min collection) and the daily decline (time difference between 30 min collection and bedtime collection) centered on the 30 min collection. Based on a comparison of models the best fitting model included a random effect for the intercept at the upper level and at the second level. Models also included a quadratic effect for the daily decline. Additional models were estimated to assess whether the quadratic effect of daily decline varied by interactions but since those estimates were not significant they were removed from the model.
In step 1 we included the main effects of daily social encounters to assess whether social encounters with adult children predicted overall cortisol levels and in step 2 we included the pieces (CAR, DEC) and the daily encounters to assess links between daily encounters and the diurnal cortisol curve over the day. The predictors included same day interactions as well as interactions on the day before. For example, to assess whether negative interactions with adult children with physical-emotional problems were associated with cortisol, we estimated models with two dichotomous predictors: same day negative interaction with an adult child who suffered from a physical-emotional problem and previous day negative interaction with an adult child who suffered from a physical-emotional problem. Models controlled for gender, education, neuroticism, family size, medication use, wake time, smoking, and whether the data were collected on a weekend. All upper level continuous variables were grand mean centered and lower level continuous variables were group mean centered.
Results
Most parents (64%) reported having at least one adult child with a problem, 34% of parents reported that all of their adult children had at least one problem, and 37% reported that none of their adult children had problems. An examination of the percentage of parents with one or more adult child with each type of physical-emotional and lifestyle-behavioral problem revealed that the most commonly reported problems in each of the categories were emotional/psychological problems and financial, respectively (Table 1) .
Of the total diary days completed (N = 1345), 76% (n = 1022) included contact with an adult child and 40% (n = 542) included contact with an adult child who had at least one problem. When considering the type of problems separately, 23% (n = 315) of total diary days included an interaction with an adult child with physical-emotional problems and 31% (n = 417) included interactions with an adult child with lifestyle-behavioral problems. See Table 3 for descriptive statistics.
Most participants had a normal diurnal cortisol rhythm characterized by a rise in the morning and a decline over the course of the day. See Table 2 for descriptives for the cortisol values for each time point.
Do parents have different types of daily interactions with adult children who have problems?
We considered whether physical-emotional problems and lifestyle-behavioral problems suffered by adult children differentially predicted the likelihood of having any contact, positive interactions, and negative interactions (Table 4) . Parents were more likely to report negative interactions with adult children who had physical-emotional and lifestyle-behavioral problems. Parents were no more or less likely to have contact or positive interactions with adult children who had problems.
Are interactions with adult children who have problem associated with variations in cortisol?
First, a model was estimated to examine the average CAR, DEC and overall levels of cortisol controlling for covariates. Because the model was centered on the 30 min collection, the CAR is negative but actually reflects an increase in cortisol over time. These models showed that cortisol increased between the wake and 30 min collection (b = −0.63; p < 0.01) and declined until bedtime (b = −0.32, p < 0.01).
Next, we assessed whether interactions with adult children who had specific types of problems were associated with cortisol. Interactions with adult children who had physical-emotional problems were associated with cortisol (Table 5) . Having any contact with an adult child who had a physical-emotional problem was associated with higher cortisol on the same day compared to not having contact with an adult child who had a physical-emotional problem. Negative interactions with adult children who had physical-emotional problems were also associated with same day steeper daily decline compared to not having a negative interaction with an adult child with a physical-emotional problem. Positive interactions with adult children who had physical-emotional problems were not associated with same day or next day cortisol.
Interactions with adult children who had lifestyle-behavioral problems were also associated with cortisol (Table 5) . Negative interactions with adult children who had lifestyle-behavioral problems were associated with higher cortisol on the next day compared to not having an interaction with an adult child who had a lifestyle-behavioral problem. Contact and positive interactions with adult children who had lifestyle-behavioral problems were not associated with same day or next day cortisol. 
Post hoc analyses
We conducted a series of post hoc analyses to examine associations between interactions with adult children with problems and each of the cortisol measurements (waking, 30 min after waking, bedtime) separately along with estimates of the mean cortisol levels in order to understand whether interactions with adult children who suffer problems were associated with elevated values at particular times of the day. This was especially relevant given the associations between daily interactions and steeper rather than flatter cortisol declines. Contact with adult children who had physical-emotional problems was associated with higher same day cortisol at waking ( Fig. 1 ). Negative interactions with adult children who had physical-emotional problems were associated with higher waking and lower bedtime cortisol on the same day (Fig. 2) . Negative interactions with adult children who had lifestyle-behavioral problems were associated with higher waking cortisol and 30 min after waking cortisol on the next day (Fig. 3) .
Finally, we estimated additional models to examine whether negative experiences were buffered by positive experiences. We did this by including interactions between negative and positive encounters predicting overall cortisol. Interestingly, the association between negative encounters with adult children who had physical-emotional problems and cortisol was moderated by having positive interactions with these children. Parents who reported having a negative encounter in the absence of positive encounters had the highest cortisol levels whereas having both positive and negative interactions with these children was associated with lowest levels of cortisol. However it is important to note that the experience of negative interactions in the absence of positive interactions was relatively rare (n = 14 days) compared to having both types of encounters on the same day (n = 69 days). There was no evidence that negative interactions with adult children who had lifestyle-behavioral problems were moderated by positive interactions with those adult children.
Discussion
A burgeoning literature shows that adult children with problems have lasting negative effects on parents' health and well-being. We specifically explored whether parents have different types of daily interactions with adult children who have problems and whether interactions with adult children who suffer from problems are differentially associated with daily cortisol rhythms. Parents reported more negative encounters with adult children with problems but no fewer positive interactions or less contact. Interestingly, interactions with adult children who had physical-emotional problems had more immediate same day associations with cortisol whereas interactions with adult children who Table 5 Daily interactions with adult children and parents' diurnal cortisol rhythms.
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Daily interactions with adult children who have problems
The first aim of this study was to examine whether parents have different types of interactions with their adult children who have problems. Previous literature examining parents' overall perceptions of relationships with their adult children has shown that parents report more negative quality ties with children who have problems but no less positive feelings toward these children (Birditt et al., 2010) . This study confirmed these associations at the daily level. Parents were more likely to have negative interactions with adult children who had lifestyle-behavioral and/or physical-emotional problems but there were no associations between problems and positive interactions or contact. This finding is important because daily interaction data often do not confirm retrospective or overall reports (Charles et al., 2015) . Daily interaction data are often considered more accurate because they are less affected by biases in reporting (Reis, 2012) . In addition, this study showed that there were no differences in the types of daily interactions parents reported with adult children who had lifestyle-behavioral vs. physical-emotional problems (Suitor et al., 2006) . This is somewhat surprising given the research indicating that lifestyle-behavioral problems are associated with worse parent-child relationship quality than physical-emotional problems (Pillemer and Suitor, 1991) . 
Interactions with adult children who have problems and diurnal cortisol rhythms
Overall, interactions with adult children with physical-emotional problems tended to have same day associations with cortisol whereas interactions with adult children with lifestyle-behavioral problems were associated with more delayed effects on cortisol on the next day. Having contact with adult children who had physical-emotional problems was associated with higher cortisol overall and negative interactions with these children predicted steeper declines. Post hoc tests revealed that contact with these children predicted higher waking cortisol and that negative interactions predicted higher waking and lower bedtime cortisol. It is interesting that daily encounters with these children were associated with higher waking cortisol which most likely occurred prior to the interaction. Previous research shows this same effect with regard to events that are highly anticipated (Fries et al., 2009) . People tend to have higher morning cortisol before they compete, for example (Rohleder et al., 2007) . Thus, parents may be anticipating stressful interactions with adult children who have physical-emotional problems which may be associated with an increase in cortisol. However, it is also possible that higher levels of cortisol lead to more negative interactions due to increased sensitivity or negative mood, for example. The findings regarding same day steeper declines and lower bedtime cortisol on days in which parents had negative interactions with these children imply that parents may experience some solace from contact with children regardless of the quality of those interactions.
In contrast, interactions with adult children who had lifestyle-behavioral problems were associated with next day rather than same day cortisol. In particular, negative interactions were associated with higher cortisol overall on the next day. Post hoc tests revealed that parents had higher wake and 30 min cortisol on days after they had negative interactions with adult children who had these problems. Thus, in the case of lifestyle-behavioral problems parents' negative interactions with adult children appear to result in a higher next day cortisol, which may reflect worries and preoccupation with these children that persist into the next day. This finding is in line with our prior work which shows that stressful thoughts (e.g., worries) regarding grown children predict increased negative mood (Fingerman et al., 2015a) .
In sum, although daily interactions did not vary by type of adult child problem (e.g., lifestyle-behavioral vs. physical-emotional), differences were found at a biological level, which may lead to a more nuanced understanding of how adult children's problems are associated with parents' health and well-being. These results have some implications for practice. Because lifestyle-behavioral problems are associated with more delayed effects on cortisol, parents with adult children who have these types of problems may need to learn effective coping strategies for reducing stress. In contrast, for parents with children who have physical-emotional problems, parents may need to develop strategies for reducing the anticipation of stress. Another approach may be for parents to balance negative interactions with more positive exchanges, which appear to buffer the effects of the negative interactions with these adult children on cortisol. Similarly our prior work shows that negative interactions with grown children are buffered by positive interactions when predicting daily mood (Fingerman et al., 2015a) .
Limitations and future directions
There are limitations to the present study that should be addressed in future work. First, parents' cortisol levels may be affecting the types of interactions that they have with their adult children. Furthermore, although we controlled for many individual differences (neuroticism, anxiety, depressive symptoms) there may be third variables that are driving the link between interactions with adult children with problems and cortisol (e.g., transmission of problems from parent to adult child, which are both linked to altered cortisol rhythms).
There were also limitations in the measurement of problems. We were not able to assess the specific types of problems adult children experienced, the timing, or the severity of the problems. Thus, there is some possibility of overlap across problem types (e.g., alcohol problem and physical/emotional problem), some problems may be current whereas others may have been resolved, and some problems may be severe whereas others are less troubling. Future research should consider these more nuanced issues with regard to adult child problems. We also only considered the parent's reports of whether the adult child had problems. In future work, researchers should examine both the adult child's reports of whether they have problems as well as offspring's cortisol levels. For example, it would be interesting to explore whether adult children find these interactions as stressful as do parents.
We also did not consider how parents cope with the interactions experienced with their adult children who suffer problems. It is most likely that the negative effects adult child problems may be attenuated by some forms of coping or exacerbated by others. We also were not able to examine whether variations in daily cortisol may account for variations in parents' overall health and well-being. Once we have additional waves of data we can explore these types of mediation models. Future work should consider other aspects of daily interactions that explain the same day effects of physical-emotional problems and the next day effects of lifestyle-behavioral problems such as variations in parental caregiving and support exchange (Gilligan et al., 2015) .
Our measurement of cortisol has limitations due to its intraindividual variability and the fact that we relied on self-reported collection time which could be inaccurate. However, previous research using this method along with electronic time recording has found that participants accurately report time (Almeida et al., 2002) . Furthermore, future work is needed to explore the multiple additional pathways by which adult children's problems "get under parent's skin." For example, adult children with problems most likely affect parent's immune and cardiovascular systems in addition to the HPA axis.
Overall, this study shows that while parents may be just as likely to experience positive interactions with adult children who suffer problems compared to their adult children without problems, parents experience more negative interactions with these children and those interactions are associated with the biological stress response. Interacting with children who have lifestyle-behavioral problems appears to have more delayed effects on the physiological stress response whereas interactions with children who suffer from physical-emotional problems are associated with more anticipatory and same day cortisol. We hope that this study inspires even more detailed research on the effects of adult children's problems on parental daily well-being and stress to understand how children affect parents into old age.
